Psychological and neurocognitive studies have suggested that different kinds of self-control may share a common psychobiological component. If this is true, performance in affective and nonaffective inhibitory control tasks in the same individuals should be correlated and should rely upon integrity of this region. To test this hypothesis, we acquired high-resolution magnetic resonance images from 44 healthy and 43 methamphetamine-dependent subjects. Individuals with methamphetamine dependence were tested because of prior findings that they suffer inhibitory control deficits. Gray matter structure of the inferior frontal gyrus was assessed using voxel-based morphometry. Subjects participated in tests of motor and affective inhibitory control (stop-signal task and emotion reappraisal task, respectively); and methamphetamine-dependent subjects provided self-reports of their craving for methamphetamine. Performance levels on the two inhibitory control tasks were correlated with one another and with gray matter intensity in the right pars opercularis region of the inferior frontal gyrus in healthy subjects. Gray matter intensity of this region was also correlated with methamphetamine craving. Compared with healthy subjects, methamphetamine-dependent subjects exhibited lower gray matter intensity in this region, worse motor inhibitory control, and less success in affect regulation. These findings suggest that self-control in different psychological domains involves a common substrate in the right pars opercularis, and that successful self-control depends on integrity of this substrate.
Introduction
Previous studies have suggested that different kinds of self-control may share a common psychobiological component (Muraven and Baumeister, 2000; Cohen and Lieberman, 2010) . Self-control in these studies refers to the process of inhibiting an otherwise imminent action, thought, or feeling (i.e., motor, cognitive, or affective inhibitory control). If self-control in different psychological domains indeed draws from a common psychobiological resource, then (1) performance in different self-control tasks should be correlated with one another, (2) these abilities should have a common neural substrate, and (3) a structural deficit in this substrate should adversely affect self-control.
Several lines of evidence (behavioral, neurocognitive, and clinical) suggest that different kinds of self-control share a common resource. Behavioral tests suggest a moderate correlation between motor and cognitive inhibitory control (Miyake et al., 2000) . However, behavioral evidence associating "cold" motor or cognitive inhibitory control with "hot" affective inhibitory control is limited. Affective and nonaffective inhibitory control measures are correlated in children (Carlson and Wang, 2007) , but we are unaware of similar observations in healthy adults.
Neurocognitive studies have identified the ventrolateral prefrontal cortex, particularly the inferior frontal gyrus (IFG) in the right hemisphere, as playing an important role in both affective and nonaffective inhibitory control (Dillon and Pizzagalli, 2007; Lieberman, 2007) . Within the right IFG, pars opercularis (IFGpo) is commonly associated with inhibitory control across tasks. Ability to inhibit a motor response is related to integrity of right IFGpo (Aron et al., 2004) and to its activation (Aron and Poldrack, 2006; Chikazoe et al., 2007; Leung and Cai, 2007) . IFGpo is also activated during cognitive inhibition as in the colorword Stroop task (Leung et al., 2000) and during affective inhibitory control in affect regulation tasks (Ochsner et al., 2004; Kim and Hamann, 2007) .
Deficits in inhibitory control and in IFG function are central aspects of many psychiatric disorders, such as depression , attention deficit hyperactivity disorder, obsessivecompulsive disorder, and addictions (Chambers et al., 2009) , including methamphetamine dependence (Payer and London, 2009 ). Methamphetamine-dependent individuals exhibit poor motor inhibitory control (Monterosso et al., 2005) and emotion dysregulation . They also show structural (Thompson et al., 2004) and metabolic abnormalities in many brain regions, including bilateral IFG.
In short, most evidence relating motor and affective selfcontrol comes from neuroimaging studies reporting IFGpo activity in healthy individuals within a single self-control domain and from clinical studies demonstrating inhibitory control and IFG deficits in some disorders of self-control. Here, we examine whether affective and nonaffective inhibitory control abilities are related to one another and to IFGpo structure in the same healthy individuals, and whether a morphometric deficit in this common region accompanies behavioral deficits of inhibitory control.
Materials and Methods
Subjects. Forty-four healthy control adults (control: 21 females; average Ϯ SD age, 33.2 Ϯ 8.4 years) and 43 abstinent methamphetaminedependent adults (METH: 19 females; average age, 33.4 Ϯ 9.0 years) participated in a multistudy project. We acquired high-resolution magnetic resonance imaging (MRI) brain scans from all subjects. In subsets of subjects recruited for different studies, we also measured motor inhibitory control (25 control; 24 METH) and affect regulation (23 control; 22 METH).
Inclusion in the METH group required recent use of methamphetamine and no other illicit drugs (verified by urinalysis), Ն1 year of using Ն1 g of methamphetamine per week (self-report), and meeting Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV), criteria for amphetamine (methamphetamine) dependence by the Structured Clinical Interview for DSM-IV (First et al., 1995) . Exclusionary criteria across groups were as follows: all current axis I diagnoses other than nicotine dependence; use of medications that affect the CNS; systemic disease; claustrophobia; pregnancy; HIV-seropositive status; hospitalization for psychiatric illness; and head trauma involving loss of consciousness and/or requiring hospitalization.
METH subjects resided at University of California, Los Angeles Hospital for 5-30 d. Abstinence from illicit drugs was confirmed by urine tests every other day and on each day of testing. The MRI scan, stopsignal task (SST), and emotion reappraisal task were administered on the 4th to 15th days of abstinence. Control subjects also underwent urine screens for drug use on each test day, but they participated on a nonresidential basis.
Withdrawal scores assessed in the METH sample using the Methamphetamine Withdrawal Questionnaire (MAWQ) (Zorick et al., 2010) were generally low at the time of the behavioral assessments. With a possible maximum score of 3.0 in each subscale, the mean scores closest to administration of the reappraisal task were as follows: 0.204 (range: 0 -1.6) for physical symptoms; 0.495 (range: 0 -1.6) for emotional symptoms; and 0.563 (range: 0 -2.2) for functional symptoms. For the SST, mean MAWQ scores were as follows: 0.096 (range: 0 -0.5) for physical symptoms; 0.308 (range: 0 -0.8) for emotional symptoms; and 0.367 (range: 0 -0.8) for physical symptoms.
Tasks and measures. Motor inhibitory control was assessed using the SST (Logan, 1994) , consisting of 256 trials (64 stop trials). Each trial began with a fixation dot appearing at the center of the screen for 500 ms, followed by a target stimulus, "O" or "X," which remained for 2000 ms. Subjects were to respond as quickly as possible with a left key-press for "O" or a right key-press for "X," but to try to stop themselves from pressing if the target was followed by a "stop-signal" tone (25% of trials). This signal was presented at a variable delay (the stop-signal delay) after the target stimulus appeared. After a successful Stop trial, the stop-signal delay was increased by 50 ms, and after a failed Stop trial, it was decreased by 50 ms, eventually titrating to a stop-signal delay resulting in ϳ50% successful inhibition rate. All subjects reached a 42-58% successful inhibition rate. Stop-signal reaction time (SSRT), a measure of stopping ability, was calculated as the difference between the nth percentile Go reaction time (GoRT) and the average titrated stop-signal delay, where n is the successful stopping rate; this method essentially corrects for deviations from 50% in the successful stopping rate (Logan, 1994) . Because initial stop-signal delay values were often far from post-titration values, the computations were performed on the final 128 trials (32 Stop trials). Shorter SSRT indicates better inhibitory control.
Affective inhibitory control was assessed with the emotion reappraisal task (Ochsner et al., 2004) . The experimental conditions of interest were Look and Decrease. On Look trials, subjects were instructed to experience naturally (without trying to change) the emotional state elicited by the evocative pictures presented to them. On Decrease trials, they were instructed to decrease the intensity of their emotion by reinterpreting the picture in a non-negative way (e.g., a woman with facial bruises could be reinterpreted as an actress wearing makeup). The two conditions were matched for picture content (presence of face) and for subjective valence and arousal. To control for stimulus effects, each photograph was presented in the Look condition for half the subjects, and in the Decrease condition for the other half. The stimulus set included 32 highly arousing aversive pictures, selected based on normative ratings from the International Affective Picture System (Lang et al., 1993) . On average, subjects' ratings of the negative pictures in the Look condition were positively correlated with the normative valence ratings of the pictures (r ϭ 0.46 in control; r ϭ 0.44 in METH), suggesting that both groups modulated their intensity ratings according to the intensity of the picture. Each trial began with a 2 s instruction screen ("LOOK" or "DECREASE"). A picture was then presented for 8 s. Then subjects rated the strength of their negative emotion on a 7-point Likert scale (7 ϭ strongly negative). Finally, a blank screen was presented for 2 s. Reappraisal success was calculated by the standard procedure, taking the difference in ratings between conditions (Look Ϫ Decrease), averaged across trials for each subject. Larger scores indicate better affect regulation.
Methamphetamine craving during 1 of the first 3 d of abstinence was measured in METH subjects using a self-report scale. Subjects were instructed to select, on a 10-point scale of 0 ("not at all") to 100 ("strongest ever"), the number that corresponded to their craving level for "the past 24 h."
Imaging. From each subject, we acquired a set of high-resolution T1-weighted images (MPRAGE; repetition time ϭ 1900 ms; echo time ϭ 4.38 ms; 15°flip angle; 256 ϫ 256 matrix; 160 1 mm slices) on a 1.5 T Siemens Sonata scanner. The images were converted to Nifti format, their origins manually set at the anterior commissure, and preprocessed using statistical parametric mapping (SPM5; Wellcome Department of Imaging Neuroscience). Each brain was fitted to a gray matter probability map derived from 452 T1-weighted scans registered to the Montreal Neurological Institute space (www.loni.ucla.edu/ ICBM/ICBM_Probabilistic.html). To optimize intersubject registration, we used the DARTEL toolbox (modulated, 8 mm smoothing kernel) for within-group analyses (Ashburner, 2007) and the VBM5 toolbox (optimized, modulated, 10 mm smoothing kernel) for the between-groups analysis (Ashburner and Friston, 2005) . The VBM5 homogeneity test was conducted, using SD across the sample, to identify and exclude outliers (in the sample of images preprocessed in VBM5, 3 control and 1 METH were excluded; in the sample of images preprocessed in DARTEL, no subjects were excluded).
During the modulation step of preprocessing, voxel values in the segmented images were multiplied by the Jacobian determinants, which were obtained from the nonlinear deformation matrix created during spatial normalization. The purpose of modulation is to compensate for the warping effects in local volume by restoring the original volumes of segmented images (Keller et al., 2004) . After modulation, the voxel values are a product of local brain volume and probability of a certain tissue type. While some researchers refer to this product as "gray matter volume," we use the term "gray matter intensity" to reflect the fact that the calculated values, which indicate volume, are generated from tissue probability maps in addition to Jacobian determinants. Modulated VBM provides a structurally and functionally meaningful measure of gray matter. Studies that have compared results from VBM analyses to those from visual and manual tracing have shown comparable results between the techniques (Whitwell, 2009) . Functionally, deficits in these gray matter measures have been reported in numerous neurodegenerative (Whitwell, 2009 ) and psychiatric disorders, including panic disorder (Hayano et al., 2009 ) and attention deficit hyperactivity disorder (ADHD) (van't Ent et al., 2007) .
The right inferior frontal gyrus pars opercularis region from the Harvard-Oxford Probabilistic Atlas ( p Ͼ 0.25) was used as a mask for nonparametric analyses with FSL Randomize [www.fmrib.ox.ac.uk/fsl; 5000 permutations, Threshold-Free Cluster Enhancement, corrected for Family Wise Error (FWE)]. To evaluate the specificity of results to the right IFGpo, we conducted post hoc analyses with additional masks from this atlas, namely the left IFGpo, the right IFG pars triangularis, and the right middle frontal gyrus (MFG), other lateral prefrontal regions that have been implicated in inhibitory control. In the post hoc analyses, we also used right and left pre-supplementary motor area (pre-SMA) regions of interest (ROIs) because of reports of an important role of this region in response inhibition (Aron et al., 2007a; Nachev et al., 2007) and in emotion reappraisal (Wager et al., 2008) . We created this mask by using the SMA mask from the HarvardOxford atlas (which is also known as juxtapositional lobule cortex and includes pre-SMA) and excluding all voxels with y Ͻ 0. We also conducted analyses with masks of right and left anterior cingulate cortex (ACC), SMA, subcallosal cortex, paracingulate gyrus, and ventromedial prefrontal cortex (VMPFC)-other medial prefrontal regions previously implicated in motor and affective inhibitory control (Wager et al., 2005 (Wager et al., , 2008 Urry et al., 2006) .
Regression analyses on the behavioral measures were performed using SPSS16.0. The gray matter values for the scatterplots were obtained using a leave-one-out cross validation procedure (Ho et al., 2009 ): Using Randomize, a set of regression analyses were run with each subject left out, then the group mask (within the right IFGpo mask) determined from each of those analyses was used to extract the signal from the left-out individual, and those extracted values were then correlated with the behavioral measure.
Results

Behavioral correlations
Control subjects with better motor inhibitory control (lower SSRT) were better at affect regulation (greater reappraisal success) (r ϭ Ϫ0.55, p Ͻ 0.05, n ϭ 18). This correlation in the small sample of METH subjects, although not statistically significant, was qualitatively similar to that observed among control subjects (r ϭ Ϫ0.46, p ϭ 0.15, n ϭ 11). METH subjects with better motor inhibitory control reported lower methamphetamine craving (r ϭ 0.50, p Ͻ 0.05, n ϭ 24). These results relate better motor inhibitory control to better affect regulation and lower craving (Fig.  1 A, B) . In contrast, median GoRT was not correlated with reappraisal success in control subjects (r ϭ 0.14) or with methamphetamine craving in METH subjects (r ϭ Ϫ0.19). The affective processes studied are therefore related more specifically to motor inhibitory control than to the attentional and selection processes involved in Go trials.
Gray matter correlations with behavior
Consistent with the critical role of right IFGpo in motor inhibitory control (Aron et al., 2004) , control subjects (n ϭ 25) with greater gray matter intensity in right IFGpo had better motor inhibitory control (lower SSRT) ( p (FWE) ϭ 0.05) but showed no relation with GoRT ( p (FWE) Ͼ 0.5). Supporting the hypothesis that motor and affective inhibitory control share a neural substrate, greater gray matter intensity in right IFGpo was also related to better reappraisal success (p (FWE) ϭ 0.05; n ϭ 23) in control subjects and to lower methamphetamine craving (p (FWE) ϭ 0.005; n ϭ 43) in METH subjects (Fig. 2 A, B) . In METH subjects, gray matter intensity in right IFGpo was not correlated with SSRT ( p (FWE) Ͼ 0.5, n ϭ 24), but it showed a trend toward a positive correlation with reappraisal success ( p (FWE) Ͻ 0.15, n ϭ 22).
Greater gray matter intensity in right MFG was not related to better motor inhibitory control ( p (FWE) Ͼ 0.4) or greater reappraisal success ( p (FWE) Ͼ 0.6) in control subjects or to lower drug craving ( p (FWE) Ͼ 0.3) in METH subjects. In left IFGpo, gray matter intensity was not correlated with reappraisal success in control subjects ( p (FWE) Ͼ 0.2), but it was correlated with craving in METH subjects ( p (FWE) Ͻ 0.05), with greater gray matter intensity related to lower craving. In right pars triangularis, greater gray matter intensity was not related to better motor inhibitory control ( p (FWE) Ͼ 0.35) or better reappraisal success ( p (FWE) Ͼ 0.15) in control subjects, but it was related to lower drug craving ( p (FWE) Ͻ 0.05) in METH subjects.
In whole-brain analyses, even at a lenient threshold ( p (uncorrected) Ͻ 0.1), better motor inhibitory control in control subjects was not associated with greater gray matter intensity in any prefrontal region except right IFGpo [54 16 12] and left precentral gyrus [Ϫ52 5 22]. Similarly, better reappraisal success in control sub- Figure 1 . Affect regulation and drug craving were correlated with motor inhibitory control. A, Control subjects with better motor inhibitory control, indexed by lower SSRT, exhibited greater reappraisal success (lower self-reported negative emotion, on a 7-point scale, with reappraisal than with passive looking). B, METH subjects with better motor inhibitory control reported lower methamphetamine craving.
Figure 2.
Affect regulation and drug craving were correlated with gray matter intensity in the right IFGpo. A, Control subjects with higher gray matter intensity in right IFGpo exhibited greater reappraisal success (r ϭ 0.50, p Ͻ 0.05, n ϭ 23). B, METH subjects with higher gray matter intensity in the same region reported lower craving for methamphetamine (r ϭ Ϫ0.48, p Ͻ 0.005, n ϭ 43). Greater reappraisal success is indexed by lower self-reported negative emotion (7-point scale) with reappraisal than with passive looking. The x-axes represent Jacobian-transformed gray matter probabilities. Brain maps from standard permutation-based analyses illustrate foci where there was a significant correlation between behavior and gray matter intensity ( p (FWE) Ͻ 0.05). To prevent statistical bias, the gray matter values in the scatterplots were obtained from a leave-one-out cross-validation procedure.
jects was not related to greater gray matter intensity in any prefrontal region except right IFGpo [54 16 12] .
METH versus control subjects
In line with claims that methamphetamine-dependent individuals have neurocognitive deficits in self-control (Payer and London, 2009) , gray matter intensity in right IFGpo was lower ( p (FWE) Ͻ 0.05) in METH (n ϭ 42) than control (n ϭ 41) subjects (Fig. 3) , motor inhibitory control was worse ( p Ͻ 0.05) in METH subjects (mean Ϯ SEM, 253.7 Ϯ 12.0 ms; n ϭ 24) than control subjects (mean Ϯ SEM, 218.2 Ϯ 10.3 ms; n ϭ 25) as previously reported (Monterosso et al., 2005) , and reappraisal success was worse ( p Ͻ 0.05) in METH subjects (mean Ϯ SEM, 0.42 Ϯ 0.21; n ϭ 22) than control subjects (mean Ϯ SEM, 1.06Ϯ 0.22; n ϭ 23). GoRT showed no group difference ( p Ͼ 0.5).
Gray matter intensity was greater in control than METH subjects in right MFG ( p (FWE) Ͻ 0.05) and right pars triangularis ( p (FWE) Ͻ 0.01) and marginally greater in left IFGpo ( p (FWE) Ͼ 0.07). Whole-brain analysis of group differences indicated greater gray matter intensity in control than METH subjects in right inferior frontal gyrus and in other parts of prefrontal cortex and temporal cortex (Morales et al., 2008) .
Post hoc analyses with medial prefrontal masks
There was no significant correlation between gray matter intensity in right or left pre-SMA and either measure of self-control. Specifically, greater gray matter intensity in right or left pre-SMA did not relate to better motor inhibitory control ( p (FWE) Ͼ 0.7 for right; p (FWE) Ͼ 0.5 for left) or greater reappraisal success ( p (FWE) Ͼ 0.7 for right; p (FWE) Ͼ 0.7 for left). Better motor inhibitory control did not relate to greater gray matter intensity in any of the other medial prefrontal ROIs ( p (FWE) Ͼ 0.3 for all analyses), except in left subcallosal gyrus, where it showed a trend toward a significant correlation ( p (FWE) Ͼ 0.12). Reappraisal success did not relate to greater gray matter intensity in any of these remaining medial prefrontal ROIs, namely right and left ACC, right and left SMA, right and left subcallosal cortex, right and left paracingulate gyrus, or right and left VMPFC ( p (FWE) Ͼ 0.4 for all analyses).
Discussion
In healthy subjects, success in motor inhibitory control and in affect regulation were positively correlated, and success on both tasks was positively correlated with gray matter intensity in overlapping areas of right IFGpo. Furthermore, motor inhibitory control and gray matter intensity in right IFGpo correlated with methamphetamine craving in METH subjects, who exhibited deficits in inhibitory control and in gray matter integrity in this region.
These results support previous reports suggesting a role of the right IFG in inhibitory control. Successfully withholding a prepotent motor response depends on structural integrity of right IFGpo and activates this region (Aron et al., 2004; Leung and Cai, 2007; Forstmann et al., 2008) . Conjunction and meta-analyses have identified activation in right IFGpo during both motor (e.g., SST, go/no-go) and cognitive (e.g., Wisconsin Card Sorting Task Importantly, downregulation of negative emotions has also been associated with increased activity in right IFG , including right IFGpo (Hariri et al., 2000; Ochsner et al., 2004; Phan et al., 2005) . Moreover, consistent with the purported role of IFG in inhibitory control across domains, activating right IFG during motor inhibitory control has an unintended inhibitory effect on emotion-related amygdala activation (Berkman et al., 2009) . Our findings complement these previous reports and suggest that gray matter in an overlapping region of right IFG may support both affective and nonaffective inhibitory control.
A recent study suggests that right IFGpo may participate in control of craving (Volkow et al., 2010) . Although we did not measure craving control explicitly, the correlation of gray matter intensity in right IFGpo with self-reported spontaneous craving is consistent with a role of this region in downregulation of craving. Greater gray matter intensity in this region was associated with lower methamphetamine craving in hospitalized subjects to whom the drug was unavailable and who would optimally downregulate craving to cope. However, the additional correlation of craving with left IFGpo and right pars triangularis suggests an association of craving with overall gray matter degradation or with addiction severity in general. The absence of correlation between craving and right MFG, however, weakens that possibility.
Impaired motor inhibitory control has been related to deficits in complex and affective self-control across several psychiatric disorders. Boys with ADHD have slower SSRT along with emotion dysregulation (Nigg, 2001) . Cocaine abusers have slower SSRT (Fillmore and Rush, 2002) , and neural activity during stopping in this group correlates with self-reported ability to regulate emotions (Li et al., 2008) . Poor stopping has also been associated with some eating and anxiety disorders (Nederkoorn et al., 2004; Chamberlain and Sahakian, 2007) . Investigators of the neurocognitive underpinnings of these disorders often use simple motor inhibitory control tasks, with the assumption that these tasks share psychological and neural components with the more complex processes of impulsivity and affect regulation that are compromised in the disorder. Our results support this assumption and the notion that a deficit in motor inhibitory control may be a risk factor for addiction and other psychiatric disorders of self-control.
Despite differences between motor inhibitory control and affect regulation, it is plausible that they share a common substrate. The IFG directly projects to the subthalamic nucleus, which can inhibit motor and limbic responses via the basal ganglia (see Aron al., 2007b) . Alternatively, the IFG may support a broader attention-orienting or information-selection function in motor (Chambers et al., 2009 ) and affective (Wager et al., 2008) selfcontrol. Whatever the specific computation of the right IFG, our results suggest that it supports motor inhibitory control in the stop-signal task and affect inhibitory control in the reappraisal task.
Undoubtedly, the right IFG is not the only region important for inhibitory control, as other regions within the prefrontal cortex have also been implicated (Cohen and Lieberman, 2010) . However, right IFGpo seems to be a particularly likely region to support inhibitory control across psychological domains. Among all ROIs used in this study, right IFGpo was the only one in which gray matter intensity correlated with all three behavioral measures (motor and affective inhibitory control, and craving). In fact, SSRT and reappraisal success were not correlated with gray matter intensity in any other ROI. These results do not conflict with reports of neural activation in other prefrontal regions during inhibitory control, as greater gray matter intensity in a region is not necessarily coupled with greater or lower activation in that region (Jacobson et al., 2010) . More notably, our results are consistent with lesion studies showing that the right IFGpo is one of the only regions critical for motor inhibitory control (Aron et al., 2004) .
Although some have suggested an exclusively attention-orienting role of right IFG in motor inhibitory control (Hampshire et al., 2010) , there are several lines of recent evidence arguing for the role of right IFG as not merely one of monitoring or orienting attention, but as implementing inhibitory control itself. A recent study used TMS to compare disruption of the right IFG (pars opercularis region) with disruption of the more dorsal right inferior frontal juncture (IFJ) region (Verbruggen et al., 2010) . Disruption of both regions affected response inhibition speed, but apparently by affecting different processes. It was argued that the right IFJ implements attentional orienting, while the more ventral sector of right IFG (pars opercularis region) implements inhibitory control. This is highly consistent with a recent functional MRI study, which found that IFJ was activated in relation to the "oddball effect" of infrequent NoGo stimuli, while the more ventral IFG region was activated by the putative response inhibition requirement when controlling for the oddball effect (Chikazoe et al., 2009) .
Strong evidence for an inhibitory control function for IFG was recently provided by a paired-pulse TMS (transcranial magnetic stimulation) study, which showed that when action countermanding was required, the connection between right IFG and M1 became strongly inhibitory (Buch et al., 2010) . Further, a recent study with the stop signal paradigm, which recorded from the right IFG in patients being evaluated for epilepsy, reported a significantly greater response for successful than unsuccessful stop trials (Swann et al., 2009 ). This comparison controls for the oddball effect. Importantly, in that study the increased neural response on successful stop trials was within the timescale of SSRT, and it occurred in the beta-frequency band. Given that increases in the beta-frequency band are strongly associated with stopping movement, including within the primary motor cortex (Swann et al., 2009 ) and the subthalamic nucleus (Kühn et al., 2004 ) (which may participate in a structurally connected functional circuit with the right IFG and dorsomedial frontal cortex) (Aron and Poldrack, 2006; Aron et al., 2007a) , these findings are much better reconcilable with an inhibitory control function for right IFG rather than merely a monitoring/attentional-orienting role.
All current axis I diagnoses, except amphetamine (methamphetamine) dependence and nicotine dependence, were exclusionary for both groups, but a greater proportion of METH than control participants were smokers. It is therefore plausible that smoking status may have affected the behavioral and gray matter assessments, especially in the METH group. Our results and the literature, however, do not support this possibility. As in a prior report (Monterosso et al., 2005) , SSRT did not differ between smoking (n ϭ 8) and nonsmoking (n ϭ 17) control participants ( p ϭ 0.71) in the current study. We obtained similar results ( p ϭ 0.32) in a larger sample of control participants (26 smokers, 25 nonsmokers) who completed the SST for another study in our laboratory. In this larger sample, comparing smoker METH participants (n ϭ 31) to smoker control participants (n ϭ 26) still yielded a reliable group difference in SSRT ( p ϭ 0.005). The effect of smoking on reappraisal success is more difficult to assess, due to the small sample size. Reappraisal success did not differ between smoking (n ϭ 7) and nonsmoking (n ϭ 16) control participants ( p ϭ 0.88). Comparing smoker METH participants (n ϭ 22) to smoker control participants (n ϭ 7) yielded a trend toward a significant difference in reappraisal success ( p ϭ 0.14), suggesting that this question may warrant further study.
The results presented here demonstrate that "cold" motor and "hot" affective self-control involve a common substrate in the IFG, which is compromised in stimulant dependence, a disorder that features self-control deficits and craving. Our findings suggest that a shared neurocognitive system subserves different kinds of self-control, although the specific computation performed by this system is still unclear. An important implication of these findings is that defects in an IFG self-control system may underlie different disorders of self-control (Chamberlain and Sahakian, 2007) . Conversely, strengthening this system in one psychological domain may enhance self-control in another domain (Muraven and Baumeister, 2000) . Further research is needed to support these hypotheses.
